Introduction
The b-cell is receptive to intricate hormonal, neuronal and nutrient signaling which is key for normal physiology but complicates the study of specific effects of individual factors on b-cell function. To preserve the microenvironment of the b-cell, most studies of b-cell physiology have been performed on in vitro cultured islets of Langerhans. However, whereas islets in the pancreas are highly vascularized and oxygenated, ischemic conditions cannot be avoided in the center of cultured isolated islets, leading to abnormal islet cell function and viability. Moreover, in the absence of blood flow, intercellular communication in islets is likely to change as well. Furthermore, contamination of islets with anatomically associated acinar cells is inevitable during isolation and may have a major influence on the specificity of experiments.
To avoid the above interactions, b-cells need to be investigated at the singlecell level. Much of the analytical information has been obtained by clamping individual islet cells to study their electrophysiology and by reverse hemolytic plaque assay to visualize the insulin release from individual b-cells (1). However, purification of the individual cell types at the preparative level is necessary to study (sub)cellular mechanisms of hormone synthesis and secretion under normal and pathological conditions. Depending on the available equipment and on the aim of the study, islet cells can be isolated on the basis of differences in cell size (2), membrane antigens (3) or metabolic features (4,5-6). The resulting cell purity and viability will differ according to the method used. This chapter presents a protocol for rat islet cell purification on the basis of dif-
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Edited by: S. Özcan © Humana Press Inc., Totowa, NJ ferences in light scatter and endogenous fluorescence, thus combining the first and third methods. Increased light scatter, in combination with high levels of the autofluorescent electron carrier flavine-adenine-dinucleotide (FAD) allows the isolation of b-cells at greater than 95% purity (4). This model has proven very useful for studying regulation of b-cell (dys)function and functional cooperation between islet cells (7). In addition, acute changes in the redox state of endogenous nicotinamide dinucleotide (phosphate) [NAD(P)H] serve as a basis for further cell separation (5). This parameter directly correlates to changes in the cellular redox state induced by (glucose) metabolism and allows definition of distinct b-cell populations according to their nutrient responsiveness (8, 9) . Moreover, a-cells exhibit stable NAD(P)H pools and can also be purified on the basis of this parameter. The availability of large amounts of pure aand b-cells that are functionally intact and support long-term, serum-free culture has facilitated detailed studies on the regulation of hormone synthesis and secretion (10-13), on cell survival and protection of the differentiated phenotype (14-17), and on the molecular biology of cellular heterogeneity (18-20).
Materials
Adult male Wistar rats (SPF, Han, 6 wk of age and 200-300 g body weight; Elevage Janvier, Le Genest St. Isle, France).
Reagents
All media are sterilized by filtration through a 0.22-lm filter. glucose (Gibco Laboratories) supplemented with 2 mM L-glutamine, 10 mM glucose, 0.075 g/L streptomycin, 0.1 g/L penicillin, 0.5 g/L bovine serum albumin (factor V, RIA grade, Sigma), 50 lM 3-isobutyl-1-methylxanthine (Sigma).
Equipment
Materials are autoclaved or purchased as sterile disposables. Glassware used for collecting islets or cells is treated with silicon solution (Serva, Heidelberg, Germany) for 1 min, followed by three successive washes in distilled water. When dry, the material is sterilized in an oven for 6 h at 180ЊC.
Collagenase Digestion
1. Dissected pancreata are predigested by incubation at 37ЊC, under continuous shaking (240 strokes/min). 2. After 5-6 min, the supernatant fluid is discarded and the tissue is minced with scissors. Isolation medium is added and after 15 s of sedimentation, the supernatant is discarded. 3. The tissue suspension is then diluted with 1 volume of isolation medium containing 0.3 mg/mL collagenase P and further digested in the air-heated shaker for an additional 15-18 min under continuous shaking at 37ЊC (see Note 3). 4. The digested tissue is then gently resuspended and the digestion is stopped by filling the tube with isolation medium with 2% heat-inactivated fetal calf serum. 5. The digest is then filtered trough a 500 lm nylon screen and the filtrate is washed twice by adding 30 ml of isolation medium followed by centrifugation for 2 min at 240g. 6. The filter residue is resuspended in isolation medium without collagenase and further dispersed by shaking manually and filtering through a 500 lm nylon screen. The additional filtering of undigested residues is repeated twice. All the digested fractions are then collected and washed in a 50 mL tube.
Islet Purification
Conditions of centrifugal elutriation allow elimination of particles smaller than 100 lm in diameter. The technique involves the use of a 10X elutriator rotor installed in a JB6 centrifuge. 1 . The pancreatic digest is suspended in the mixing chamber that is connected to a flask containing isolation medium. 2. With the elutriator running at 250 rpm, the cellular material is perfused into the elutriation chamber at a rate of 230 mL/min. Particles larger than 100 lm in diameter are retained in the elutriation chamber; smaller fragments leave the rotor and are discarded. 3. After disposal of 800-900 mL eluent, the elutriation chamber is disconnected from the circuit and the centrifugation speed is turned down to zero. While the centrifuge is slowing down, the content of the elutriation chamber is collected (see Note 4). 4. The elutriation is stopped when 500 mL eluent has been collected. The fraction is examined under an inverted dissection microscope. Clean islets are hand-picked with an elongated Pasteur pipet (see Notes 5 and 6).
Dissociation
1. The isolated islets are washed twice, by sedimentation in isolation medium, followed by a wash in dissociation medium. 2. Islets are resuspended in 30ЊC dissociation medium and transferred to a siliconized 100-mL bottle. 3. The islet preparation is transferred to an air-heated shaker at 30ЊC and incubated for 5 min under continuous shaking (200 rpm). 4. After a brief resuspension of the islets with a siliconized Pasteur pipet, the medium is supplemented with trypsin and DNase at a final concentration of 5 lg/mL and 2 lg/mL, respectively. 5. The degree of dissociation is regularly checked under a phase-contrast microscope and stopped when 50-60% of the cells occur as single-cell units, which is usually the case after 10 min. The dissociation is stopped by adding 2% fetal calf serum (FCS) to the isolation medium. 6. In order to remove cell debris and dead cells, an isotonic Percoll solution with a density of 1.040 g/mL is layered underneath the suspension and the gradient is centrifuged at 800g for 6 min (no break). 7. The pellet is collected and suspended in 50 mL isolation medium, which is then filtered through a 63-lm nylon screen to remove the rare, large-cell clumps. 8. The filtrate is washed in Ham's F-10 containing 6 mM glucose, 1% bovine serum albumin (fraction V), 2 mmol/L L-glutamine. The cells are cultured in suspension for 30 min at 37ЊC in 95% air-5% CO 2 prior to fluorescence-activated cell sorting (see Note 7). (Fig. 1) . The cells in uncharged droplets are collected as well. They constitute the so-called "middle fraction." The middle fraction is collected in a 50-mL tube, spun down (5 min at 500g), resuspended in low-glucose-containing isolation medium and re-sorted (see Note 8).
Purification of Single b-Cells and Non-b-Cells

Culturing of Purified b-Cells
1. Single rat b-cells do not survive well in suspension. To avoid b-cell losses, FACSpurified rat b-cells are reaggregated in a rotatory shaker for 2 h at 37ЊC and 5% CO 2 , in the presence of Ca 2ϩ (see Note 9). 
Aggregated b-cell clusters can be kept in suspension in serum-free HAM's F10
medium at 37ЊC and 5% CO 2 . Depending on the experiment, cultures can be maintained in the absence or presence of 50 lM IBMX. The phosphodiesterase inhibitor mimics paracrine hormone actions on the b-cells, stimulating their in vitro survival and function. 3. b-cells can also be cultured as single cells in poly-D-lysine-coated tissue culture plates with good survival rates. Ninety-six-well plates are coated by incubating the wells with 100 lL of poly-D-lysine (Sigma, 10 lg/mL in water) for 30 min at 30ЊC, followed by three successive washes with Ham's F10 medium.
Assessment of the Quality of the Purified b-Cells
1. The viability is assessed by the addition of the vital stain neutral red (final concentration 0.01% [w/v] in isolation medium) to a suspension of purified cells. After incubation for 5 min at 37ЊC, red-stained cells are counted under a light microscope. Immediately after sorting, an average of more than 95% of the purified cells incorporate the dye. 2. The purity of the cell preparation is analyzed by immunocytochemistry by visualizing the islet hormones and by measuring islet hormone levels by utilizing radioimmunoassays. 3. Functional and metabolic activities are evaluated by measuring the glucose response of insulin biosynthesis and secretion, glycolysis, and oxidation.
Notes
1. It is important to proceed as soon as possible with the digestion; therefore, the dissection should be done fast. On average, one person should be able to process five rats within 30 min. 2. It is of crucial importance to test different batches of collagenase for their yield and toxicity. Therefore, the number of b-cells that survive the isolation and can be kept in culture without losing their functional responsiveness is determined by the quality of the collagenase. The concentration of the collagenase needs to be adapted according to both parameters (cell survival and functional responsiveness after isolation). For each isolation procedure, the collagenase solution has to be made freshly. The collagenase crystals are dissolved in isolation medium, the pH is adjusted to pH 7.4, and the solution is sterilized by filtration. 3. Progression of the digestion is closely monitored. The optimal duration of digestion varies with different batches of collagenase. An average of digesting for 20 min is achieved by adjusting the concentration of the collagenase solution. Once the digest has a milky appearance, the reaction is stopped. 4. All handling is done in a laminar-flow hood. No visible acinar cell mass should contaminate the hand-picked islets. Islets appear compact, bright, and white, whereas acinar tissue is fluffy and gray. 5. This procedure yields 7000-12,000 islets from 20 rat pancreata within 2-3 h after starting the dissection. Using this technique, only the larger-size islets of more than 100 lm are selected. This islet fraction represents more than 50% of the total insulin content of the adult rat pancreas. 6. Instead of being discarded, the fraction that is smaller than 100 lm is very suitable for use as a preparation enriched in acinar cells and small islets. Cellular composition: The "smaller than 100 lm" elutriation fraction contains less than 2% endocrine material, whereas the "larger than 100 lm" fraction is enriched in endocrine material up to 10%. After the islets have been hand-picked, this endocrine fraction contains 70-80% endocrine cells and less than 10% exocrine cells. Approximately 30% of the insulin hormone content is recovered in the "smaller than 100 lm" fraction and 60% in the "larger than 100 lm" fraction. The islet-enriched fraction contains 50% of the total insulin content. 7. The final cell suspension usually contains 5 ϫ 10 5 to 1 ϫ 10 6 cells per pancreas when starting from 20 rat pancreata. 8. The b-cell population consists of more than 95% insulin-containing cells and comprises less than 3% of glucagon-, somatostatin-, or pancreatic polypeptide-containing cells. Between 92% and 100% of the cells are single. The non-b-cell subpopulation consists of 75-85% glucagon-, 2-5% insulin-, 5-10% somatostatin, and 5-10% pancreatic polypeptide-expressing cells. 9. Cultured aggregates of b-cells display much less central necrosis, as compared to cultured islets, probably because of increased oxygen and nutrient diffusion.
